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An endpoint detector and perfor- 
mance monitoring system for quickly 
and accurately measuring the change in 
thickness of a wafer and other planariz- 
ing parameters in chemical-mechanical 
polishing processes. In one embodi- 
ment, an endpoint detector has a ref- 
erence platform, a measuring face, and 
a distance measuring device. The ref- 
erence platform is positioned proximate 
to the wafer carrier, and the reference 
platform and measuring device are po- 
sitioned apart from one another by a 
known, constant distance. The measur- 
ing face is fixedly positioned with re- 
spect to the wafer carrier at a location 
that allows the measuring device to en- 
gage the measuring face when the wafer 
is positioned on the reference platform. 
Each time the measuring device engages 
the measuring surface, it measures the 
displacement of the measuring face with 
respect to the measuring device. The 
displacement of the measuring face is 
proportional to the change in thickness 
of the wafer between measurements. In 
another embodiment, a planarizing machine has a flat plate, a planarizing medium fastened to the plate, a carrier assembly to manipulate a 
substrate holder over the planarizing medium, and a non-contact distance measuring device. The non-contact distance measuring device 
measures the actual elevation of the substrate holder as the substrate holder engages a substrate with the planarizing medium and relative 
motion occurs between the substrate holder and the planarizing medium. The performance monitoring system uses the actual pad elevation 
to determine the endpoint, the polishing rate and other CMP operating parameters. 
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ENDPOINT DETECTION IN CHEMICAL MECHANICAL POLISHING (CMP) 
BY SUBSTRATE HOLDER ELEVATION DETECTION 



10 



TECHNICAL FIELD 

The present invention relates to an endpoint detector and a method for 
quickly and accurately measuring a change in thickness of a semiconductor wafer or 
15 another microelectronic substrate in mechanical or chemical-mechanical polishing 
processes. 

BACKGROUND OF THE INVENTION 

Chemical-mechanical polishing or mechanical polishing processes 
(collectively "CMP") remove material from the surface of a microelectronic substrate 

20 (e.g., a semiconductor wafer) in the production of ultra-high density integrated 
circuits. In a typical CMP process, a wafer is pressed against a planarizing medium 
{e.g., a polishing pad) in the presence of a planarizing fluid {e.g., an abrasive slurry) 
under controlled chemical, pressure, velocity, and temperature conditions. The 
planarizing fluid may contain small, abrasive particles to abrade the surface of the 

25 wafer, but a non-abrasive planarizing fluid may be used with fixed-abrasive polishing 
pads. Additionally, the planarizing fluid has chemicals that etch and/or oxidize the 
surface of the wafer. The polishing pad is generally a planar pad made from a porous 
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material, such as blown polyurethane, and it may also have abrasive particles bonded 
to the material. Thus, when the pad and/or the wafer moves with respect to the other, 
material is removed from the surface of the wafer by the abrasive particles 
(mechanical removal) and the chemicals (chemical removal). 

5 Figure 1 schematically illustrates a conventional CMP machine 10 with 

a platen 20, a wafer carrier 30, a polishing pad 40, and a slurry 44 on the polishing 
pad. The platen 20 has a surface 22 upon which the polishing pad 40 is positioned. A 
drive assembly 26 rotates the platen 20 as indicated by arrow "A". In another type of 
existing CMP machine, the drive assembly 26 reciprocates the platen back arid forth as 

1 0 indicated by arrow "B". The motion of the platen 20 is imparted to the pad 40 because 
the polishing pad 40 frictionally engages the surface 22 of the platen 20. The wafer 
carrier 30 has a lower surface 32 to which a wafer 60 may be attached, or the wafer 60 
may be attached to a resilient pad 34 positioned between the wafer 60 and the lower 
surface 32. The wafer carrier 30 may be a weighted, free-floating wafer carrier, or an 

15 actuator assembly 36 may be attached to the wafer carrier 30 to impart axial and 
rotational motion, as indicated by arrows "C" and "D", respectively. 

In the operation of the conventional polisher 10, the wafer 60 is 
positioned face-downward against the polishing pad 40, and then the platen 20 and the 
wafer carrier 30 move relative to one another. As the face of the wafer 60 moves 

20 across the planarizing surface 42 of the polishing pad 40, the polishing pad 40 and the 
slurry 44 remove material from the wafer 60. 

In the competitive semiconductor industry, it is highly desirable to 
maximize the throughput of CMP processes to produce accurate, planar surfaces as 
quickly as possible. The throughput of CMP processes is a function of several factors, 

25 one of which is the ability to accurately stop the CMP process at a desired endpoint. 
Accurately stopping the CMP process at a desired endpoint is important to maintaining 
a high throughput because the thickness of the dielectric layer must be within an 
acceptable range; if the thickness of the dielectric layer is not within an acceptable 
range, the wafer must be re-polished until it reaches the desired endpoint. Re- 
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polishing a wafer, however, significantly reduces the throughput of CMP processes. 
Thus, it is highly desirable to stop the CMP process at the desired endpoint. 

In one conventional method for determining the endpoint of the CMP 
process, the polishing period of one wafer in a run is estimated using the polishing rate 
5 of previous wafers in the run. The estimated polishing period for the wafer, however, 
may not be accurate because the polishing rate may change from one wafer to another. 
Thus, this method may not accurately polish the wafer to the desired endpoint. 

In another method for determining the endpoint of the CMP process, the 
wafer is removed from the pad and wafer carrier, and then the thickness of the wafer is 
10 measured. Removing the wafer from the pad and wafer carrier, however, is time- 
consuming and may damage the wafer. Moreover, if the wafer is not at the desired 
endpoint. then even more time is required to re-mount the wafer to the wafer carrier 
for repolishing. Thus, this method generally reduces the throughput of the CMP 
process. 

15 In still another method for determining the endpoint of the CMP process, 

a portion of the wafer is moved beyond the edge of the pad, and an interferometer 
directs a beam of light directly onto the exposed portion of the wafer. The wafer, 
however, may not be in the same reference position each time it overhangs the pad 
because the edge of the pad is compressible, the wafer may pivot when it overhangs 

20 the pad, and the exposed portion of the wafer may vary from one measurement to the 
next. Thus, this method may inaccurately measure the change in thickness of the 
wafer. 

In light of the problems with conventional endpoint detection 
techniques, it would be desirable to develop an apparatus and a method for quickly 
25 and accurately measuring the change in thickness of a wafer during the CMP process. 

In addition to accurately determining the endpoint of CMP processes, it 
is also desirable to monitor other performance characteristics or parameters to 
maintain the throughput and quality of finished wafers. The performance of CMP 
processes may be affected by the pad condition, the distribution of planarizing fluid 
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under the wafer, and many other planarizing parameters. Monitoring these 
parameters, however, is difficult because it is time consuming to interrupt processing 
wafers to determine whether one of the parameters has changed. Moreover, if the 
CMP process is stopped and all of the parameters appear to be in an acceptable range, 
5 it is a complete waste of processing time. Thus, it would also be desirable to monitor 
the performance of CMP processing to ensure that the planarizing parameters are 
within acceptable operating ranges without interrupting the process. 

SUMMARY OF THE INVENTION 

The invention is directed, in part, to detecting the endpoint of a 

10 planarization process that removes material from a microelectronic substrate, such as a 
semiconductor wafer. An endpoint detector measures the change in thickness of a 
semiconductor wafer while the wafer is attached to a wafer carrier during chemical- 
mechanical polishing of the wafer. The endpoint detector has a reference platform, a 
measuring face, and a distance measuring device. The reference platform is positioned 

15 proximate to the wafer carrier, and the reference platform and measuring device are 
positioned apart from one another by a known, constant distance for all of the 
measurements of a single wafer. The measuring face is fixedly positioned with respect 
to the wafer carrier at a location that allows the measuring device to engage the 
measuring face when the wafer is positioned on the reference platform. Each time the 

20 measuring device engages the measuring surface, it measures the displacement of the 
measuring face with respect to the measuring device. The displacement of the 
measuring face is proportional to the change in thickness of the wafer between 
measurements. 

In a method in accordance with the invention, the wafer is placed on the 
25 reference platform before it is polished, and then the measuring device engages the 
measuring surface to determine a baseline measurement of the position of the 
measuring face with respect to the measuring device. After the wafer is at least 
partially polished, the wafer is re-placed on the reference platform and the measuring 
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device is re-engaged with the measuring face to determine a subsequent measurement 
of the position of the measuring face with respect to the measuring device. The 
displacement of the measuring face from the baseline measurement to the subsequent 
measurement is proportionate to the change in thickness of the wafer. 
5 The invention is also directed towards planarizing machines and 

methods for monitoring the polishing rate, endpoint, and other planarizing parameters 
of CMP processes. A planarizing machine in accordance with the invention includes a 
flat plate, a planarizing medium fastened to the plate, a carrier assembly to manipulate 
a substrate with respect to the planarizing medium, and a non-contact distance 

10 measuring device. The carrier assembly, more specifically, may have a support 
structure and a substrate holder coupled to the support structure. The substrate holder 
typically has a mounting site facing the planarizing medium to carry the substrate, and 
a backside facing away from the planarizing medium. The non-contact distance 
measuring device may also be attached to the support structure to be positioned over 

15 the substrate holder for at least a portion of the planarizing process. Additionally, the 
support structure typically holds the non-contact measuring device at a known 
elevation with respect to the plate to measure an actual distance between the backside 
of the substrate holder and the known elevation while the substrate is planarized. 

The distance measuring device may have a beam emitter that projects a 

20 source beam, a reflector positioned at a predetermined angle with respect to the plate 
to direct the source beam against the backside of the substrate holder, and a primary 
detector to receive a return beam reflected from the backside of the substrate holder 
normal to the source beam. The primary detector monitors a lateral shift of the return 
beam and provides a signal to a processor that determines the distance between the 

25 backside of the substrate holder and the intersection between the source beam and the 
return beam. Accordingly, the distance measuring device may measure a first actual 
distance at one stage of the planarization process and then re-measure a second actual 
distance at a subsequent stage of the planarization process to determine the change in 
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thickness of the substrate, the polishing rate of the substrate and several other 
performance parameters of the planarization process while the substrate is planarized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic cross-sectional view of a conventional chemical- 
5 mechanical polishing machine in accordance with the prior art. 

Figure 2 is a schematic cross-sectional view of an endpoint detector in 
accordance with the invention. 

Figure 3 is a schematic cross-sectional view of a polisher with an 
endpoint detector in accordance with the invention. 
10 Figure 4 is a schematic cross-sectional view of a polisher with an 

endpoint detector in accordance with the invention. 

Figure 5 is a schematic cross-sectional view of a polisher with an 
endpoint detector in accordance with the invention. 

Figure 6 is a schematic cross-sectional view of a polisher with an 
1 5 endpoint detector in accordance with the invention. 

Figure 7 is a schematic cross-sectional view of another polishing 
machine with a performance monitoring system in accordance with another 
embodiment of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

20 The present invention is directed toward performance monitoring 

systems, such as an endpoint detector that quickly and accurately measures a change in 
wafer thickness of a semiconductor wafer or another type of microelectronic substrate 
during chemical-mechanical polishing of the wafer. One aspect of the invention is to 
provide a reference platform upon which the wafer is positioned each time a 

25 measurement is taken. Another aspect of the invention is to provide a measuring face 
on the wafer carrier that may be engaged by a measuring device without removing the 
wafer from either the reference platform or the wafer carrier. As will be discussed in 
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greater detail below, by providing such a reference platform and a measuring face, the 
change in wafer thickness can be quickly and accurately measured while the wafer is 
attached to the wafer carrier and positioned on the reference platform. In addition to 
measuring the change in wafer thickness, certain embodiments of performance 
5 monitoring systems according to the invention may also determine the actual elevation 
of the wafer carrier with respect to a known elevation to monitor the endpoint, the 
polishing rate, and several other performance parameters of CMP processes. Many 
specific details of certain embodiments of the invention are set forth in Figures 2-7 to 
provide a thorough understanding of such embodiments. One skilled in the art, 

10 however, will understand that the present invention may have additional embodiments 
and may be practiced without several of the details described in the following detailed 
description of the invention. 

Figure 2 illustrates an endpoint detector 50 used in a conventional CMP 
machine in which a wafer 60 or another type of microelectronic substrate is mounted 

15 in a substrate holder or wafer carrier 30. The wafer carrier 30 is typically attached to 
an actuator 36 that manipulates the wafer carrier 30. The endpoint detector 50 
includes a reference platform 70, a measuring face 80 on the wafer carrier 30, and a 
measuring device 90. An upper surface 72 on the reference platform 70 is maintained 
at a fixed distance from the measuring device 90 over all of the measurements of a 

20 single wafer. The measuring face 80 is positioned on an upper face 38 of the wafer 
carrier 30 so that it is exposed to the measuring device 90 when the wafer carrier 30 
presses the wafer 60 against the reference surface 70. The measuring face 80 is 
preferably a planar, reflective surface that is either the upper surface 38 of the wafer 
carrier itself, or a separate panel attached to the wafer carrier 80. The measuring 

25 device 90 engages the measuring face 80 to measure the displacement of the 
measuring face 80 with respect to the fixed position of the measuring device 90. 

In one embodiment, the measuring device is an interferometer with an 
emitter 92 and a receiver 94. The emitter directs a beam of light onto the measuring 
face 80, which reflects the light beam back to the receiver 94. As the distance between 
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the measuring face 80 and the measuring device 90 changes in correspondence to the 
change in thickness of the wafer 60, the phase of the reflected light beam at the 
receiver 94 changes accordingly. A controller 96 connected to the receiver 94 
translates the phase change of the reflected light beam into a measurement of the 
5 vertical displacement of the measuring face 80 with respect to the position of the 
measuring device 90. Importantly, both the reference platform 70 and the measuring 
device 90 are fixed against displacement with respect to each other to maintain a 
constant distance therebetween over all of the measurements of a single wafer. The 
distance between the reference platform 70 and the measuring device 90, however, 

10 may change from one wafer to another. The endpoint detector 50, therefore, 
eliminates one variable of many conventional endpoint techniques that commonly 
produces inaccurate measurements of the change in thickness of the wafer 60. 

In operation, the wafer carrier 30 initially places the wafer 60 on the 
upper surface 72 of the reference platform 70 before the wafer 60 is polished. When 

15 the wafer 60 is initially placed on the reference platform 70, the measuring face 80 is 
positioned at a height h, with respect to the measuring device 90. The emitter 92 then 
directs the light beam 93 onto the measuring face 80 to determine a baseline 
measurement of the position of the measuring face 80 at the height h,. After the 
baseline measurement is obtained, the wafer is polished for a period of time. The 

20 change in thickness of the wafer (At) is equal to the distance between an original 
surface 62 of the wafer and a new surface 62(a). The wafer 60 is then re-placed on the 
upper surface 72 of the reference platform 70, and the position of the measuring face 
80 accordingly changes to a height h 2 . The light beam 93 from the measuring device 
90 re-engages the measuring face 80 to measure the displacement (Ad) of the 

25 measuring face 80 at the height h 2 . The displacement Ad of the measuring face 80 is 
proportional to, and may directly correspond to, the change in thickness At of the 
wafer 60, 

One advantage of the endpoint detector 50 is that it provides highly 
accurate measurements of the change in thickness At of the wafer 60. An aspect of the 
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invention is that the distance is constant between the upper surface 72 of the reference 
platform 70 and the measuring device 90 over all of the measurements of a single 
wafer. Accordingly, the displacement Ad of the measuring surface 80 is caused by the 
change in thickness At of the wafer 60. Moreover, by measuring the displacement of 
5 the measuring face 80, the wafer 60 does not need to overhang the reference platform 
70 as in conventional techniques that directly impinge the wafer with a light beam. 
The endpoint detector 50, therefore, provides highly accurate measurements of the 
change in thickness At of the wafer 60. 

Figure 3 schematically illustrates a polishing machine 52 with an 

10 endpoint detector in accordance with the invention. In this embodiment, the reference 
platform 70 is the polishing pad 40. The upper surface 72 of the platform 70 is 
accordingly the upper surface of the polishing pad 40. The wafer carrier 30 places the 
wafer 60 on the polishing pad/reference platform 70 to polish the wafer 60 and to 
measure the change in thickness of the wafer 60. When the wafer carrier 30 is 

15 positioned substantially under the measuring device, the measuring device 90 engages 
the measuring face 80. In operation, the change in thickness of the wafer is measured 
as described above with respect to Figure 2. This embodiment of the invention is 
particularly useful for rigid pads or semi-rigid pads that compress substantially less 
than the change in thickness of the wafer. However, even if the polishing 

20 pad/reference platform 70 is compressible, the measurements made by the endpoint 
detector of the polishing machine 52 will be accurate as long as any force exerted on 
the pad/platform 70 is the same for all measurements. The polishing machine 52 
quickly measures the change in thickness of the wafer 60 because the wafer 60 is not 
removed from either the wafer carrier 30 or the polishing pad/reference platform 70. 

25 Therefore, this particular embodiment of the invention enhances the throughput 
compared to conventional CMP processes. 

Figures 4-4 illustrate several embodiments of polishing machines with 
endpoint detectors. Figure 4 shows a polishing machine 54 with an endpoint detector 
in which the reference platform 70 is a separate pedestal 74 that is fixed to the ground 
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or the planarization machine. Figure 5 shows a polishing machine 56 with an endpoint 
detector in which the reference platform 70 is spaced radially outwardly away from 
the polishing pad 40 on the surface of the platen 20. In other related embodiments, a 
reference platform 70(a) may be positioned in a hole 43 at the center of the pad 40, or 
5 the hole 43 can provide access to a reference platform 70(b) defined by the center of 
the upper surface 22 of the platen 20. Figure 6 shows a polishing machine 58 with an 
endpoint detector in which the reference platform 70 is attached to a wall 14 of the 
polishing machine. In each of the polishing machines 54, 56, and 58, the change in 
thickness of the wafer 60 is measured by moving the wafer 60 from the polishing pad 

10 40 to the reference platform 70. The change in displacement of the measuring face 80 
is measured by engaging the measuring face 80 with a light beam from the measuring 
device 90, as described above with respect to Figure 2. 

An advantage of the polishing machines 52, 54, 56, and 58 is that they 
generally enhance the throughput of the CMP process. When the reference platform 

15 70 is the polishing pad, the change in thickness At of the wafer 60 may be measured 
without removing the wafer 60 from the wafer carrier 30 or the polishing pad. 
Accordingly, the change in thickness At of the wafer 60 may be measured in situ with 
only minimal interruption of the polishing of the wafer 60. When the platform 72 is 
separate from the polishing pad, the change in thickness At of the wafer 60 may be 

20 measured without removing the wafer 60 from the wafer carrier 30. Thus, the change 
in thickness At of the wafer may be measured with only a minor interruption to move 
the wafer between the polishing pad and the reference platform. 

Figure 7 is a schematic cross-sectional view of a CMP machine 110 in 
accordance with another embodiment of the invention. The CMP machine 110 may 

25 have a housing 1 12, a cavity 1 14 in the housing 1 12, and a barrier 1 16 in the cavity 
114. An actuator 126 attached to the housing 1 12 has a shaft 127 within the barrier 
116 to support a plate or platen 120. The actuator 126 may accordingly rotate the 
plate 120 via the shaft 127. The planarizing machine 1 10 also has a carrier assembly 
130 attached to the housing 1 12. In one embodiment, the carrier assembly 130 has a 
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primary actuator 131 that moves a first arm 132 vertically along a sweep axis P-P 
(arrow V) and rotates the arm 132 along the sweep axis P-P (arrow R,). The arm 132 
may carry a secondary actuator 134 with a drive shaft 135 coupled to a substrate 
holder or wafer carrier 136. The substrate holder 136 preferably has a backside or 
5 upper face 138, a plurality of nozzles 139 for dispensing a planarizing fluid 144 5 and a 
mounting site to which a microelectronic substrate 12 may be attached. The substrate 
12, for example, may be a semiconductor wafer or a field emission display with or 
without integrated circuitry. The carrier assembly 130 manipulates the substrate 
holder 136 to engage and translate the substrate 12 across a planarizing surface 142 of 

1 0 a planarizing medium 140 (e.g. , a polishing pad). 

The carrier assembly 130 may also have a second arm 133 that rotates 
about the sweep axis P-P (arrow R 2 ). The first and second arms 132 and 133 are 
preferably independently operable from another. The first arm 132 may be coupled to 
the primary actuator 131 to be moved with respect to the sweep axis P-P as set forth 

15 above. The second arm 133 may have a vertical portion that telescopes from the 
vertical portion of the first arm 132. The second arm 133 may be independently 
coupled to a secondary actuator 131a on the planarizing machine 1 10. The secondary 
actuator 131a may accordingly move the second arm 133 about the sweep axis P-P at a 
fixed or known elevation as the first arm 132 independently moves with respect to the 

20 sweep axis P-P. For example, as the first arm 132 moves vertically and rotationally 
about the sweep axis P-P to planarize the substrate 12, the second arm 133 may rotate 
about the sweep axis P-P with the first arm 132 at a constant elevation. 

The planarizing machine 110 may also have a performance monitoring 
system 190 attached to the second arm 133. The performance monitoring system 190 

25 may be a non-contact distance measuring device 191 ("distance device") with a beam 
emitter 192, a reflector 193 spaced apart from the beam emitter 192, and a detector 
194. The beam emitter 192 projects a beam 195 (indicated in Figure 7 by reference 
numbers 195a-c) to determine the actual elevation of the substrate holder 136. As 
schematically shown in Figure 7, the beam emitter 192 may project an initial portion 
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of a source beam 195a toward the reflector 193. The reflector 193 is inclined at an 
angle a that directs an intermediate portion of the source beam 195 b to the backside 
138 of the substrate holder 136 so that a detector 194 receives a return beam 195c. 
The detector 194 receives the return beam 195c and optically detects the lateral 
5 position "L" of the return beam 195 c with respect to a scale (not shown) in the 
detector 194. By knowing the angle a to maintain an isosceles triangle and the 
distance "Y" along the initial source beam 195a between the apex of the triangle and 
the reflector, a processor 198 operatively coupled to the distance device 191 
determines the actual distance "d" between the backside 138 of the substrate holder 

10 136 and the initial portion of the source beam 195a. Accordingly, the distance device 
191 measures the actual elevation of the backside 138 of the substrate holder 136. 

The distance device 191 is preferably a triangular displacement meter 
that accurately measures the distance between the known elevation and the backside 
138 of the substrate holder 136. The beam emitter 192 may accordingly be a laser, 

15 and the beam 195 may accordingly be a laser beam. One suitable laser displacement 
meter is the LC3 displacement meter manufactured by Keyence Corporation of 
Woodcliff Lake, New Jersey. 

In operation, the distance device 191 directs the beam 195 against the 
backside 138 of the substrate holder 136 as the carrier assembly 130 presses the 

20 substrate 12 against the planarizing medium 140. In some applications, the distance 
measuring device 191 directs the beam 195 against the backside 138 of the substrate 
holder 136 while the substrate holder 136 and the planarizing medium 140 are 
stationary. In other applications, the distance measuring device 191 directs the beam 
195 against the substrate holder 136 while imparting relative motion between the 

25 substrate holder 136 and the planarizing medium 140. For example, the distance 
device 191 and the substrate holder 136 may rotate together about the sweep axis P-P 
during the planarization process so that the beam 195 continuously impinges the 
backside 138 of the substrate holder 136. In another embodiment, the distance device 
191 may be positioned at a fixed point along the planarizing path of the substrate 
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holder 136 so that the beam 195 periodically impinges the backside 138 of the 
substrate holder 136 during the planarization process. In either case, the distance 
device 191 detects the elevation of the backside of the substrate holder 136 with 
respect to the known elevation by measuring a first actual distance at one stage of the 
5 planarization process and by re-measuring a second actual distance at a subsequent 
stage. As explained in more detail below, the distance between the known elevation 
and the backside 138 of the substrate holder 136 provides data to monitor the 
performance of the planarization process. 

In one particular application, the performance monitoring system 190 of 

10 the planarizing machine 110 may detect the endpoint of the planarization process. 
During the planarization process as the carrier assembly 30 moves the substrate 12 
across the planarizing medium 140, the distance device 191 measures the elevation of 
the backside 138 of the substrate holder 136. When the change in elevation of the 
substrate holder 136 is within a range of the desired change in thickness of the 

15 substrate 12, the planarizing machine 110 terminates the removal of material from the 
substrate 12. For example, the planarizing machine 110 may terminate the process by 
disengaging the substrate 12 from the planarizing medium 140 or stopping the relative 
motion between the substrate 12 and the planarizing medium 140. 

The performance monitoring system 190 may also monitor other system 

20 parameters to indicate when the planarization process is not operating at a desired 
level. For example, the processor 198 may determine the polishing rate of the 
substrate 12 without interrupting the planarizing cycle by correlating the change in 
elevation of the substrate holder 136 with the elapsed time of the cycle. A significant 
change in the polishing rate generally indicates that one of the planarizing parameters 

25 is not operating within a desired range. A drop in the polishing rate, for example, may 
indicate that the condition of the polishing pad has deteriorated such that the pad does 
not uniformly remove material from the substrate. A significant change in the 
polishing rate may also indicate that another polishing parameter is not within a 
desired operating range. Therefore, the planarizing machine 110 may also monitor 
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other system parameters to indicate whether the planarization process is operating 
within a desired range. 

In still another application, the performance monitoring systems 190 
may measure the vertical motion of the substrate holder to determine whether 

5 anomalies occur in the vertical displacement pattern of the substrate holder. In most 
CMP applications, the substrate holder 136 is attached to the shaft 137 by a gimbal 
joint. Accordingly, even though the substrate holder 136 should desirably remain 
level during planarization, most substrate holders have a pattern of small vertical 
displacement under normal operating conditions. The distance device 191 can also 

10 measure and indicate the vertical displacement pattern of the substrate holder 136 
during planarization. Accordingly, if the vertical displacement pattern changes or 
large anomalies occur, it may indicate that the pad surface, the slurry distribution or 
the substrate surface is not within a normal operating range. Therefore, the 
planarizing machine 110 also provides another source of information for monitoring 

1 5 the planarizing characteristics of the planarization process. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

1. In the manufacturing of microelectronic devices, a method of 
detecting the endpoint in a planarization process for removing material from a 
microelectronic device substrate in a substrate holder, comprising: 

detecting an elevation of a backside of the substrate holder as the 
substrate in the substrate holder engages a planarizing medium; and 

terminating the removal of material from the substrate when the detected 
elevation changes by a distance approximately equal to a desired change in thickness 
of the wafer. 

2. The method of claim 1 wherein detecting the elevation of the 
backside of the substrate holder comprises contemporaneously imparting relative 
motion between the substrate and the planarizing medium. 

3. The method of claim 2 wherein detecting the elevation of the 
backside of the substrate holder comprises measuring an elevation of the backside of 
the substrate holder from a known elevation. 

4. The method of claim 3 wherein detecting the elevation of the 
backside of the substrate holder comprises: 

measuring a first actual distance between the backside of the substrate 
holder and the known elevation at one stage of the planarization process; and 

re-measuring a second actual distance between the backside of the 
substrate holder and the known elevation at another stage of the planarization process. 

5. The method of claim 4 wherein measuring the first actual distance 

comprises: 

projecting an initial portion of a source beam at a reflector; 
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directing an intermediate portion of the source beam from the reflector 
to the backside of the substrate holder to create a return beam reflecting from the 
backside of the substrate holder; and 

observing a position of the return beam with a detector, the position of 
the return beam with respect to the detector and the angle of the reflector indicating 
the actual distance between the known elevation and the backside of the wafer. 

6. The method of claim 5 wherein: 

projecting a source beam comprises emitting a laser beam toward the 

reflector; and 

observing the position of the return beam comprises measuring a lateral 
displacement of the return beam with respect to the detector. 

7. The method of claim 4 wherein terminating removal of material 
from the substrate comprises disengaging the wafer from the planarizing medium 
when the difference between the first and second actual distances is within the desired 
change in thickness of the substrate. 

8. The method of claim 4 wherein measuring the first actual distance 
and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to a fixed location through which the substrate holder periodically passes during a 
portion of the planarizing process; 

observing a first position of a return beam reflecting from the backside 
of the substrate holder with a detector as the substrate holder passes through the fixed 
location at a first stage of the planarizing process, the position of the return beam with 
respect to the detector and the angle of the reflector indicating the first actual distance 
between the known elevation and the backside of the wafer; and 
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re-observing a second position of the return beam reflecting from the 
backside of the substrate holder as the substrate holder subsequently passes through 
the fixed location at a second stage of the planarizing process, the position of the 
return beam with respect to the detector and the angle of the reflector indicating the 
second actual distance between the known elevation and the backside of the wafer. 

9. The method of claim 4 wherein measuring the first actual distance 
and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam from a beam emitter 
toward a reflector; 

directing an intermediate portion of the source beam from the reflector 
to reflect from the backside of the substrate holder so that a return beam reflecting 
from the backside of the substrate holder is received by a detector; 

observing a position of a return beam reflecting from the backside of the 
substrate holder with the detector, the position of the return beam with respect to the 
detector and the angle of the reflector measuring an actual distance between the known 
elevation and the backside of the wafer; and 

moving the beam emitter, the reflector and the detector with the 
substrate holder as the substrate holder moves the substrate across the planarizing 
medium to continuously detect the elevation of the backside of the substrate with 
respect to the know elevation, the first actual distance being measured at one stage in 
the planarizing process and the second actual distance being re-measured at a 
subsequent stage in the planarizing process. 

10. The method of claim 3 wherein detecting the elevation of the 
backside of the wafer comprises periodically detecting the elevation to determine a 
change in elevation of the substrate holder during the planarization process. 

11. The method of claim 3. further comprising continuing to 
planarize the substrate when the difference between a starting elevation of the 
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backside of the substrate holder and the detected elevation is less than a desired 
change in thickness of the wafer. 

12. In the manufacturing of microelectronic devices, a method of 
detecting the endpoint in a planarization process for removing material from a 
microelectronic substrate in a substrate holder, comprising: 

measuring a first actual distance between the backside of a substrate 
holder and a known elevation above the substrate holder as the substrate in the 
substrate holder engages the planarizing medium at one stage of the planarization 
process; 

re-measuring a second actual distance between the backside of the 
substrate holder and the known elevation as the substrate in the substrate holder 
engages the planarizing medium at another stage of the planarization process; and 

terminating the removal of material from the substrate when the 
difference between the first and second actual distances is within a desired change in 
thickness of the substrate. 



13. The method of claim 12 wherein measuring the first actual 
distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to the backside of the substrate holder to create a return beam reflecting from the 
backside of the substrate holder; and 

observing a position of the return beam with a detector, the position of 
the return beam with respect to the detector and the angle of the reflector indicating 
the actual distance between the known elevation and the backside of the wafer. 
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14. The method of claim 13 wherein: 

projecting a source beam comprises emitting a laser beam toward the 

reflector; and 

observing the position of the return beam comprises measuring a lateral 
displacement of the return beam with respect to the detector. 

15. The method of claim 12 wherein terminating removal of material 
from the substrate comprises disengaging the wafer from the planarizing medium 
when the difference between the first and second actual distances is within the desired 
change in thickness of the substrate. 

16. The method of claim 12 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to a fixed location through which the substrate holder periodically passes during a 
portion of the planarizing process; 

observing a first position of a return beam reflecting from the backside 
of the substrate holder with a detector as the substrate holder passes through the fixed 
location at a first stage of the planarizing process, the position of the return beam with 
respect to the detector and the angle of the reflector indicating the first actual distance 
between the known elevation and the backside of the wafer; and 

re-observing a second position of the return beam reflecting from the 
backside of the substrate holder as the substrate holder subsequently passes through 
the fixed location at a second stage of the planarizing process, the position of the 
return beam with respect to the detector and the angle of the reflector indicating the 
second actual distance between the known elevation and the backside of the wafer. 
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17. The method of claim 12 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam from a beam emitter 
toward a reflector; 

directing an intermediate portion of the source beam from the reflector 
to reflect from the backside of the substrate holder so that a return beam reflecting 
from the backside of the substrate holder is received by a detector; 

observing a position of a return beam reflecting from the backside of the 
substrate holder with the detector, the position of the return beam with respect to the 
detector and the angle of the reflector measuring an actual distance between the known 
elevation and the backside of the wafer; and 

moving the beam emitter, the reflector and the detector with the 
substrate holder as the substrate holder moves the substrate across the planarizing 
medium to continuously detect the elevation of the backside of the substrate with 
respect to the know elevation, the first actual distance being measured at one stage in 
the planarizing process and the second actual distance being re-measured at a 
subsequent stage in the planarizing process. 

18. In the manufacturing of microelectronic devices, a method of 
planarization a microelectronic substrate in a substrate holder, comprising: 

imparting relative motion between a planarizing medium and the 
substrate engaged with the planarizing medium to remove material from a surface of 
the substrate; 

detecting an elevation of a backside of the substrate holder as the 
substrate in the substrate holder engages a planarizing medium; and 

terminating the removal of material from the substrate when the detected 
elevation changes by a distance approximately equal to a desired change in thickness 
of the wafer. 
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19. The method of claim 18 wherein detecting the elevation of the 
backside of the substrate holder comprises contemporaneously imparting relative 
motion between the substrate and the planarizing medium. 

20. The method of claim 19 wherein detecting the elevation of the 
backside of the substrate holder comprises measuring an elevation of the backside of 
the substrate holder from a known elevation. 



21. The method of claim 20 wherein detecting the elevation of the 
backside of the substrate holder comprises: 

measuring a first actual distance between the backside of the substrate 
holder and the known elevation at one stage of the planarization process; and 

re-measuring a second actual distance between the backside of the 
substrate holder and the known elevation at another stage of the planarization process. 

22. The method of claim 21 wherein measuring the first actual 
distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to the backside of the substrate holder to create a return beam reflecting from the 
backside of the substrate holder; and 

observing a position of the return beam with a detector, the position of 
the return beam with respect to the detector and the angle of the reflector indicating 
the actual distance between the known elevation and the backside of the wafer. 

23 . The method of claim 22 wherein: 

projecting a source beam comprises emitting a laser beam toward the 

reflector; and 

observing the position of the return beam comprises measuring a lateral 
displacement of the return beam with respect to the detector. 
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24. The method of claim 21 wherein terminating removal of material 
from the substrate comprises disengaging the wafer from the planarizing medium 
when the difference between the first and second actual distances is within the desired 
change in thickness of the substrate. 

25. The method of claim 21 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to a fixed location through which the substrate holder periodically passes during a 
portion of the planarizing process; 

observing a first position of a return beam reflecting from the backside 
of the substrate holder with a detector as the substrate holder passes through the fixed 
location at a first stage of the planarizing process, the position of the return beam with 
respect to the detector and the angle of the reflector indicating the first actual distance 
between the known elevation and the backside of the wafer; and 

re-observing a second position of the return beam reflecting from the 
backside of the substrate holder as the substrate holder subsequently passes through 
the fixed location at a second stage of the planarizing process, the position of the 
return beam with respect to the detector and the angle of the reflector indicating the 
second actual distance between the known elevation and the backside of the wafer. 

26. The method of claim 21 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam from a beam emitter 
toward a reflector; 

directing an intermediate portion of the source beam from the reflector 
to reflect from the backside of the substrate holder so that a return beam reflecting 
from the backside of the substrate holder is received by a detector; 



WO 99/56078 



23 



PCT/US99/09016 



observing a position of a return beam reflecting from the backside of the 
substrate holder with the detector, the position of the return beam with respect to the 
detector and the angle of the reflector measuring an actual distance between the known 
elevation and the backside of the wafer; and 

moving the beam emitter, the reflector and the detector with the 
substrate holder as the substrate holder moves the substrate across the planarizing 
medium to continuously detect the elevation of the backside of the substrate with 
respect to the know elevation, the first actual distance being measured at one stage in 
the planarizing process and the second actual distance being rc-measured at a 
subsequent stage in the planarizing process. 

27. In the manufacturing of microelectronic devices, a method of 
planarization a microelectronic substrate in a substrate holder, comprising: 

imparting relative motion between a planarizing medium and the 
substrate engaged with the planarizing medium to remove material from a surface of 
the substrate; 

measuring a first actual distance between a backside of the substrate 
holder and a known elevation above the substrate holder as the substrate in the 
substrate holder engages the planarizing medium at one stage of the planarization 
process; 

re-measuring a second actual distance between the backside of the 
substrate holder and the known elevation as the substrate in the substrate holder 
engages the planarizing medium at another stage of the planarization process; and 

terminating the removal of material from the substrate when the 
difference between the first and second actual distances is within a desired change in 
thickness of the substrate. 
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28. The method of claim 27 wherein measuring the first actual 
distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to the backside of the substrate holder to create a return beam reflecting from the 
backside of the substrate holder; and 

observing a position of the return beam with a detector, the position of 
the return beam with respect to the detector and the angle of the reflector indicating 
the actual distance between the known elevation and the backside of the wafer. 

29. The method of claim 28 wherein: 

projecting a source beam comprises emitting a laser beam toward the 

reflector; and 

observing the position of the return beam comprises measuring a lateral 
displacement of the return beam with respect to the detector. 

30. The method of claim 27 wherein terminating removal of material 
from the substrate comprises disengaging the wafer from the planarizing medium 
when the difference between the first and second actual distances is within the desired 
change in thickness of the substrate. 

31. The method of claim 27 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam at a reflector; 

directing an intermediate portion of the source beam from the reflector 
to a fixed location through which the substrate holder periodically passes during a 
portion of the planarizing process; 

observing a first position of a return beam reflecting from the backside 
of the substrate holder with a detector as the substrate holder passes through the fixed 
location at a first stage of the planarizing process, the position of the return beam with 
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respect to the detector and the angle of the reflector indicating the first actual distance 
between the known elevation and the backside of the wafer; and 

re-observing a second position of the return beam reflecting from the 
backside of the substrate holder as the substrate holder subsequently passes through 
the fixed location at a second stage of the planarizing process, the position of the 
return beam with respect to the detector and the angle of the reflector indicating the 
second actual distance between the known elevation and the backside of the wafer. 

32. The method of claim 27 wherein measuring the first actual 
distance and re-measuring the second actual distance comprises: 

projecting an initial portion of a source beam from a beam emitter 
toward a reflector; 

directing an intermediate portion of the source beam from the reflector 
to reflect from the backside of the substrate holder so that a return beam reflecting 
from the backside of the substrate holder is received by a detector; 

observing a position of a return beam reflecting from the backside of the 
substrate holder with the detector, the position of the return beam with respect to the 
detector and the angle of the reflector measuring an actual distance between the known 
ele vation and the backside of the wafer; and 

moving the beam emitter, the reflector and the detector with the 
substrate holder as the substrate holder moves the substrate across the planarizing 
medium to continuously detect the elevation of the backside of the substrate with 
respect to the know elevation, the first actual distance being measured at one stage in 
the planarizing process and the second actual distance being re-measured at a 
subsequent stage in the planarizing process. 
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33. In the manufacturing of microelectronic devices, a method of 
monitoring performance of a planarization process for removing material from a 
microelectronic device substrate in a substrate holder, comprising: 

measuring an elevation of a backside of the substrate holder as the 
substrate in the substrate holder engages a planarizing medium; and 

evaluating whether a performance characteristic of the planarization 
process is within an acceptable range based upon the measured -elevation of the 
substrate holder. 

34. The method of claim 33 wherein measuring an elevation of the 
backside of the substrate holder comprises contemporaneously imparting relative 
motion between the substrate and the planarizing medium to simultaneously remove 
material from a surface of the substrate. 

35. The method of claim 34 wherein measuring an elevation of the 
backside of the substrate holder comprises measuring a distance between a known 
elevation and the backside of the substrate holder. 

36. The method of claim 35 wherein the performance characteristic is 
an endpoint of the planarizing process and evaluating the endpoint comprises: 

comparing a change in elevation of the substrate holder based upon at 
least first and second measurements of the substrate elevation with respect to the 
known elevation during planarization; and 

terminating the removal of material from the substrate when the change 
in elevation of the substrate holder is approximately equal to a desired change in 
thickness of the wafer. 

' 37. The method of claim 35 wherein the performance characteristic is 
a polishing rate of the planarizing process and evaluating the polishing rate comprises: 



WO 99/56078 



27 



PCT/US99/09016 



correlating elevation measurements of the substrate holder with respect 
to an elapsed time of the process to determine the polishing rate of the substrate during 
the planarizing process; and 

interrupting the planarizing process when the polishing rate is not in a 
desired operating range. 

38. The method of claim 37, further comprising investigating the 
condition of the polishing medium during an interruption caused by a drop in the 
polishing rate below a desired threshold. 

39. The method of claim 35 wherein the planarizing characteristic is a 
vertical motion of the substrate holder during planarization and evaluating the vertical 
motion comprises: 

determining a vertical displacement pattern of the substrate holder 
according to the measured elevation of the substrate holder during planarization; 

assessing whether the vertical displacement pattern of the substrate 
holder has anomalies; and , 

interrupting the planarizing process when an anomaly occurs in the 
vertical displacement pattern. 

40. A planarizing machine for planarizing microelectronic substrates, 

comprising: 

a flat plate; 

a planarizing medium having a planarizing surface, the planarizing 
medium being fastened to the plate; 

a carrier assembly having a support structure and a substrate holder 
coupled to the support structure, the substrate holder having a mounting site facing the 
planarizing medium to carry a microelectronic substrate and a backside facing away 
from the planarizing medium, the carrier assembly moving the substrate holder to 
selectively engage the substrate with the planarizing medium, and at least one of the 
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substrate holder and the planarizing medium being movable to translate the substrate 
with respect to the planarizing surface; and 

a non-contact distance measuring device positioned over the backside of 
the substrate holder for at least a portion of the time that the substrate in the substrate 
holder engages the planarizing surface, the non-contact measuring device being at a 
known elevation with respect to the plate, and the non-contact measuring device 
measuring an actual distance between the backside of the substrate holder and the 
known elevation during planarization of the substrate on the planarizing surface. 

41. The planarizing machine of claim 40 wherein the non-contact 
distance measuring device comprises a triangulation distance measuring meter having 
a beam emitter to project an initial portion of a source beam, a reflector to direct an 
intermediate portion of the source beam to the backside of the substrate holder so that 
a return beam reflects from the substrate holder, a detector to determine a lateral shift 
of the return beam, and a processor to compute the distance between the initial portion 
of the source beam and the backside of the wafer. 

42. The planarizing machine of claim 41 wherein the beam emitter is 
a laser that radiates a laser beam, and wherein the initial source beam, the intermediate 
source beam and the reflected beam are portions of the laser beam. 

43 . The planarizing machine of claim 4 1 wherein: 

the support structure has a first arm that rotates about a sweep axis 
normal to the plate, and a second arm above the first arm; 

the substrate holder being attached to the first arm to sweep across the 
planarizing medium along a planarizing path; and 

the distance measuring device being attached to the second arm above 
the planarizing path to impinge the beam against the backside of the substrate holder 
as the substrate holder engages the substrate with the planarizing medium and relative 
motion occurs between the substrate and the planarizing medium. 
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44. The planarizing machine of claim 43 wherein the second arm is 
also rotatable about the sweep axis, and wherein the first and second arms are coupled 
to an actuator to rotate together about the sweep axis so that the distance measuring 
device continuously impinges the beam against the backside of the substrate holder 
along the planarizing path. 

45. The planarizing machine of claim 43 wherein the first arm is 
coupled to an actuator to sweep the substrate across the planarizing path and the 
second remains stationary with respect to the sweep axis so that the distance 
measuring device periodically impinges the beam against the backside of the substrate 
holder when the substrate holder is beneath the distance measuring device. 

46. A planarizing machine for planarizing microelectronic substrates, 

comprising: 

a flat plate; 

a planarizing medium having a planarizing surface, the planarizing 
medium being fastened to the plate; 

a carrier assembly having a support structure and a substrate holder 
coupled to the support structure, the substrate holder having a mounting site facing the 
planarizing medium to carry a microelectronic substrate and a backside facing away 
from the planarizing medium, the carrier assembly moving the substrate holder to 
selectively engage the substrate with the planarizing medium, and at least one of the 
substrate holder and the planarizing medium being movable to translate the substrate 
with respect to the planarizing surface; and 

a distance measuring device attached to the planarizing machine, the 
distance measuring device having a beam emitter positioned at a known elevation with 
respect to the plate to project an initial portion of a source beam at a reflector that 
directs an intermediate portion of the source beam against the backside of the substrate 
holder during planarization, and a primary detector to receive a return beam reflecting 
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from the backside of the substrate holder, the primary detector monitoring a lateral 
shift of the return beam to determine the actual distance between the backside of the 
substrate holder and the initial portion of the source beam as the substrate is 
planarized. 

47. The planarizing machine of claim 46 wherein the beam emitter is 
a laser that radiates a laser beam, and wherein the initial source beam, the intermediate 
source beam and the reflected beam are portions of the laser beam. 

48. The planarizing machine of claim 46 wherein: 

the support structure has a first arm that rotates about a sweep axis 
normal to the plate, and a second arm above the first arm; 

the substrate holder being attached to the first arm to sweep across the 
planarizing medium along a planarizing path; and 

the distance measuring device being attached to the second arm above 
the planarizing path to impinge the beam against the backside of the substrate holder 
as the substrate holder engages the substrate with the planarizing medium and relative 
motion occurs between the substrate and the planarizing medium. 

49. The planarizing machine of claim 48 wherein the second arm is 
also rotatable about the sweep axis, and wherein the first and second arms arc coupled 
to an actuator to rotate together about the sweep axis so that the distance measuring 
device continuously impinges the beam against the backside of the substrate holder 
along the planarizing path. 

50. The planarizing machine of claim 48 wherein the first arm is 
coupled to an actuator to sweep the substrate across the planarizing path and the 
second remains stationary with respect to the sweep axis so that the distance 
measuring device periodically impinges the beam against the backside of the substrate 
holder when the substrate holder is beneath the distance measuring device. 
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